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57 ABSTRACT 
A coal deashing process wherein a feed mixture com 
prising soluble coal products, insoluble coal products 
and solvent is separated in a first separation zone into a 
first heavy phase and a first light phase comprising 
soluble coal products, solvent and some insoluble coal 
products. The first light phase is withdrawn and intro 
duced into a second separation zone wherein it sepa 
rates into a second heavy phase comprising insoluble 
coal products, soluble coal products and some solvent 
and a second light phase comprising soluble coal prod 
ucts and solvent. The second heavy phase is withdrawn 
and at least a portion is recycled to the first separation 
zone to increase the yield of separable soluble coal 
products ultimately recovered by the process. In alter 
nate embodiments, additional solvent can be added to 
the first light phase before introduction into the second 
separation zone or the recycled portion of the second 
heavy phase may be introduced into a treatment zone 
before reintroduction into the first separation zone. The 
treatment zone effects an increase in the molecular 
weight of at least a portion of the recycled second 
heavy phase which facilitates subsequent separation in 
the first separation zone. 

20 Claims, 4 Drawing Figures 
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4,164,466 
1. 

METHOD OF IMPROVING YIELD IN A COAL 
LIQUEFACTION PRODUCTDEASHING PROCESS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to coal lique 

faction product deashing processes and, more particu 
larly but not by way of limitation to improved separa 
tion techniques in coal liquefaction product deashing 
processes. 

2. Description of the Prior Art 
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Various coal liquefaction processes have been devel 
oped in the past wherein coal has been treated with one 
or more solvents and processed to separate the resulting 
insoluble coal products from the soluble coal products. 

U.S. Pat. No. 3,607,716 and U.S. Pat. No. 3,607,717 
issued to Roach and assigned to the same assignee as the 
present invention, disclose processes wherein coal is 
contacted with a solvent and the resulting mixture then 
is separated into a heavy phase containing the insoluble 
coal products and a light phase containing the soluble 
coal products. Other processes for separating the solu 
ble coal products from the insoluble coal products pres 
ent in coal liquefaction products utilizing one or more 
solvents are disclosed In U.S. Pat. Nos. 3,607,718 and 
3,642,608, both issued to Roach et al., and assigned to 
the same assignee as the present invention. 
While those processes provide a means for substan 

tially separating the soluble coal products from the 
insoluble coal products, some soluble coal products still 
are separated with the insoluble materials in the heavy 
phase. It would be desirable to increase the mineral 
matter content of the insoluble coal products compris 
ing the heavy phase to reduce the loss of valuable solu 
ble coal products also contained therein. 

SUMMARY OF THE INVENTION 
The surprising discovery now has been made that the 

mineral matter content of the insoluble coal products in 
the first heavy phase separated from the first lighter 
phase containing soluble and insoluble coal products 
can be increased by separations effected in a second 
sequential separation zone. More specifically, in one 
embodiment, coal liquefaction products comprising 
soluble coal products and insoluble coal products are 
contacted with a solvent and introduced into a first 
separation zone maintained at an elevated temperature 
and pressure determined to maximize the yield of solu 
ble coal products ultimately recovered. 

In the first separation zone, the coal liquefaction 
products separate into a first heavy phase comprising 
insoluble coal products and a first light phase compris 
ing soluble and some insoluble coal products. The first 
light phase is withdrawn and introduced into a second 
separation zone maintained at an elevated temperature 
and a pressure level substantially no greater than the 
pressure level in the first separation zone to cause the 
first light phase to separate into a second heavy phase 
comprising soluble coal products and insoluble coal 
products and a second light phase comprising soluble 
coal products. The second heavy phase is withdrawn 
and at least a portion thereof is returned to mix with the 
feed mixture entering the first separation zone. The 
recycle of the second heavy phase effects an increase in 
the yield of soluble coal products ultimately recovered 
by the process. The second light phase is withdrawn 
and introduced into a third separation zone maintained 
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2 
at an elevated temperature and a pressure substantially 
no greater than the pressure level in the second separa 
tion zone to cause the second light phase to separate 
into a third light phase comprising solvent and a third 
heavy phase comprising soluble coal products. 

In another embodiment, the withdrawn first light 
phase described hereinabove is contacted with addi 
tional solvent before introduction into the second sepa 
ration zone. The first light phase then is separated as 
previously described. 

In yet another embodiment, the second heavy phase 
produced by either of the procedures set forth herein 
above is withdrawn from the second separation zone 
and at least a portion thereof is introduced into a treat 
ment zone. The treatment zone can comprise a tempera 
ture treatment resulting in partial polymerization of the 
material present or an oxidation treatment resulting in 
oxydehydrogenation or in incorporation of oxygen into 
the material to thereby increase the molecular weight of 
some of the treated second heavy phase. The treated 
material then is introduced into the feed to the first 
separation zone for separation of the insoluble coal 
products. This separation provides an increase in the 
yield of soluble coal products recovered as a subsequent 
heavy phase. 
The enhanced separation of the present invention 

produces soluble coal products in an increased yield to 
thereby provide a mòre economical coal deashing pro 
CGSS. 

DESCRIPTION OF THE DRAWING 

FIG. 1 is a diagrammatic illustration of one embodi 
ment of the present invention. 
FIG. 2 is a diagrammatic illustration of another em 

bodiment of the present invention incorporating staged 
solvent addition. 
FIG. 3 is a diagrammatic illustration of the process of 

FIG. 1 incorporating a treatment zone in the second 
heavy phase recycle conduit. 
FIG. 4 is a diagrammatic illustration of the process of 

FIG. 2 incorporating a treatment zone in the second 
havey phase recycle conduit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Turning now to FIG. 1, a feed comprising hydrocar 
bonaceous material is introduced into a first mixing 
zone 14 through a conduit 10. The hydrocarbonaceous 
material comprises coal liquefaction products or frac 
tions thereof containing soluble coal products and insol 
uble coal products produced by any process for the 
liquefaction of coal or other carbonaceous materials. 

In the first mixing zone 14, the feed is contacted by 
and mixed with a solvent introduced through a conduit 
12 to provide a feed mixture. Sufficient solvent is intro 
duced into the mixing zone 14 to provide a ratio by 
weight of solvent to feed in the feed mixture of from 
about 1:1 to about 10:1. It is to be understood that larger 
quantities of solvent can be employed, however such 
use is uneconomical. The feed mixture is discharged 
from the first mixing zone 14 through a conduit 16 to 
enter a first separation zone 18, comprising for example 
a separating vessel. 
The first separation zone 18 is maintained at an ele 

vated temperature and pressure to effect a separation of 
the feed mixture into a first heavy phase comprising 
insoluble coal products and some solvent and a first 
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light phase comprising soluble coal products, some 
insoluble coal products and solvent. 
The first separation zone 18 is maintained at a temper 

ature level in the range of from about 400 degrees F. to 
about 700 degrees F. The pressure level is maintained in 
the range of from about 600 psig to about 1500 psig. 
The particular temperature and pressure conditions 

are selected to maximize the mineral matter content of 
the first heavy phase. Selection of such conditions maxi 
mizes the yield of recoverable soluble coal products in 
the first light phase; however, such conditions also re 
sult in the presence of insoluble coal products in the first 
light phase. 
The first light phase is withdrawn from the first sepa 

ration zone 18 through a conduit 20 and introduced into 
a second separation zone 22, comprising for example a 
second separating vessel. The second separation zone 22 
is maintained at a temperature level higher than the 
temperature level in the first separation zone 18 and a 
pressure level substantially the same or below the pres 
sure level in the first separation zone 18 to effect a sepa 
ration of the first light phase therein. Preferably, the 
temperature level in the second separation zone is main 
tained in the range of from about 410 degrees F. to 
about 750 degrees F. and the pressure level is main 
tained in the range of from about 590 psig to about 1500 
pS1g. 
The particular temperature and pressure conditions in 

the second separation zone 22 are selected to provide a 
differential in the solvent density in the first light phase 
sufficiently large to cause the first light phase to sepa 
rate into two fluid-like phases. The first light phase 
separates into a second heavy phase comprising insolu 
ble coal products, soluble coal products and some sol 
vent and a second light phase comprising soluble coal 
products and solvent. 
The second heavy phase is withdrawn from the sec 

ond separation zone through a conduit 24. At least a 
portion of the second heavy phase flowing in conduit 24 
is withdrawn in a conduit 26 and introduced into the 
mixing zone 14 to contact and mix with entering feed 
and solvent. The feed mixture which now includes the 
recycled portion of the second heavy phase then is 
introduced into the first separation zone 18 through 
conduit 16 to separate as described hereinbefore. 
The remaining portion of the second heavy phase in 

conduit 24, if any, may be introduced into subsequent 
processing equipment (not shown) to recover hydrocar 
bon values. Such processing equipment may include, 
for example, gasifiers or cokers. 

Alternatively, the remaining portion of the second 
heavy phase, if any, may be introduced into a flash zone 
(not shown) to effect a recovery of any solvent which 
may be volatilized thereby. The recovered solvent is 
recycled to the first mixing zone 14 to aid in providing 
the feed mixture. 

It has been found that when at least a portion of the 
second heavy phase is recycled to the first separation 
zone the yield of low ash content soluble coal products 
subsequently recovered from the feed increases. 
The first heavy phase is withdrawn from the first 

separation zone 18 through a conduit 28. The first 
heavy phase can be flashed (not shown) upon with 
drawal from the first separation zone 18 to effect a 
recovery of any solvent which may be volatilized 
thereby. The flashed first heavy phase then can be intro 
duced into subsequent processing equipment (not 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4. 
shown) and the solvent can be returned to the first 
mixing zone 14. 
The second light phase comprising soluble coal prod 

ucts and solvent is withdrawn from the second separa 
tion zone 22 and introduced into a third separation zone 
30, comprising for example a third separation vessel, 
through a conduit 32. 
The third separation zone 30 is maintained at a tem 

perature level higher than the temperature level main 
tained in the second separation zone 22 and a pressure 
level substantially no greater than the pressure level in 
the second separation zone 22. Preferably, the tempera 
ture level is maintained in the range of from about 500 
degrees F. to about 950 degrees F. and the pressure 
level is maintained in the range of from about 40 psig to 
abóut 1450 psig to effect a separation of the second light 
phase into a third heavy phase comprising soluble coal 
products and a third light phase comprising solvent. 
The particular temperature and pressure conditions in 

the third separation zone 30 are selected to effect the 
maximum separation of the soluble coal products by 
providing a differential in the solvent density in the 
second light phase sufficiently large to cause the second 
light phase to separate into the two fluid-like phases. 
The third heavy phase is withdrawn from the third 

separation zone 30 through a conduit 34. The third 
heavy phase may be flashed (not shown) upon with 
drawal to separate and recover any solvent which re 
mains in the third heavy phase and that can be volatil 
ized thereby. 

Alternatively, the second light fraction can be sepa 
rated in the third separation zone into a third heavy 
phase comprising heavy soluble coal product fractions 
and a third light phase comprising solvent and lighter 
soluble coal product fractions. The light phase then is 
withdrawn and introduced into subsequent additional 
separation zones to separate the lighter soluble coal 
product fractions into a multiplicity of separate frac 
tions and a final light phase comprising solvent for recy 
cle to the first mixing zone 14 to aid in providing addi 
tional feed mixture. 

In the process generally described above the term 
'solvent' is intended to mean those fluids which are 
sometimes described as "light organic solvents', for 
example, in U.S. Pat. Nos. 3,607,716, 3,607,717, 
3,607,718 and 3,642,608 the disclosures of which are 
incorporated herein by reference. More specifically, the 
solvent consists essentially of at least one substance 
having a critical temperature below 800 degrees F. 
selected from the group consisting of aromatic hydro 
carbons having a single benzene nucleus and normal 
boiling points below about 310 degrees F., cycloparaffin 
hydrocarbons having normal boiling points below 
about 310 degrees F., open chain mono-olefin hydrocar 
bons having normal boiling points below about 310 
degrees F., open chain saturated hydrocarbons having 
normal boiling points below about 310 degrees F., 
mono-, di- and tri-open chain amines containing from 
about 2-8 carbon atoms, carbocyclic amines having a 
monocyclic structure containing from about 6-9 carbon 
atoms, heterocyclic amines containing from about 5-9 
carbon atoms, and phenols containing from about 6-9 
carbon atoms and their homologs. 
The term "insoluble coal products' means undis 

solved coal, mineral matter, other solid inorganic par 
ticulate matter and other such matter which is insoluble 
in the solvent under the conditions of this invention. 



4,164,466 
5 

The term "soluble coal products' means the constitu 
ents of the feed that are soluble in the solvent under the 
conditions of this invention. 
Turning now to FIG. 2, an alternate embodiment of 

the present invention is illustrated. In this embodiment, 
the feed enters a first mixing zone 114 through a conduit 
110. In the first mixing zone 114, the feed is contacted 
and mixed with a solvent entering via a conduit 112 to 
provide a "feed mixture." In this embodiment, the ratio 
of solvent is feed present in the feed mixture is from 
about 1:1 to below about 2:1, by weight. The feed mix 
ture is discharged from the first mixing zone through a 
conduit 116 to enter a first separation zone 118. 
The first separation zone 118 is maintained at a tem 

perature level in the range of from about 400 degrees F. 
to about 700 degrees F. and a pressure level in the range 
of from about 600 psig to about 1500 psig to effect a 
separation of the feed mixture to maximize the yield of 
recoverable soluble coal products. 

In the first separation zone 118, the feed mixture 
separates into a first heavy phase and a first light phase 
comprising soluble coal products, solvent and insoluble 
coal products. The low ratio of solvent to feed used in 
the feed mixture has been found to increase the quantity 
of soluble coal products ultimately recovered. How 
ever, it is substantially more difficult to effect a separa 
tion of the feed mixture into two fluid-like phases to 
yield a light phase substantially free of mineral matter 
through control of the temperature conditions within 
the first separation zone 118. 
The first light phase is withdrawn from the first sepa 

ration zone 118 and introduced into a second mixing 
zone 140 by a conduit 120. In the second mixing zone 
140 the first light phase is contacted and mixed with 
additional solvent entering via a conduit 142. Sufficient 
additional solvent is mixed with the first light phase to 
provide a ratio of solvent to feed of from about 2:1 to 
about 10:1, by weight. The mixture then is discharged 
through a conduit 144 to enter a second separation Zone 
122. 
The second separation zone 122 is maintained at a 

temperature level higher than the temperature level 
maintained in the first separation zone 118 and a pres 
sure level substantially the same or below the pressure 
level in the first separation zone to effect a separation of 
the mixture therein. Preferably, the temperature level in 
the second separation zone is maintained in the range of 
from about 410 degrees F. to about 750 degrees F. and 
the pressure level is maintained in the range of from 
about 590 psig to about 1500 psig. 
The particular temperature and pressure conditions in 

the second separation zone 122 are selected to provide 
a differential in the solvent density in the first light 
phase sufficiently large to cause the first light phase to 
separate into two fluid-like phases. 
The mixture separates into a second heavy phase 

comprising the insoluble coal products, some soluble 
coal products and some solvent and a second light phase 
comprising soluble coal products and solvent. 
The second heavy phase is withdrawn from the sec 

ond separation zone 122 through a conduit 124. At least 
a portion of the second heavy phase flowing in conduit 
124 is withdrawn in a conduit 126 for return and reintro 
duction into the first mixing zone 114 to mix with enter 
ing feed mixture. The recycled portion of the second 
heavy phase is discharged from the first mixing Zone 
114 with the feed mixture through conduit 116 into the 
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6 
first separation zone 118 to separate the soluble coal 
products contained therein. 
The first heavy phase is withdrawn from the first 

separation zone 118 through a conduit 128. 
The second light phase is withdrawn from the second 

separation zone 122 through a conduit 132 and intro 
duced into a third separation zone 130. 
The third separation zone 130 is maintained at a tem 

perature level higher than the temperature level main 
tained in the second separation zone 122 and a pressure 
level substantially no greater than the pressure level of 
the second separation zone 122 to effect a separation of 
the second light phase into a third heavy phase and a 
third light phase. Preferably, the temperature level is 
maintained in the range of from about 500 degrees F. to 
about 950 degrees F. and the pressure level is main 
tained in the range of from about 40 psig to about 1450 
pSlg. 
The particular temperature and pressure conditions in 

the third separation zone 130 are selected to effect the 
maximum separation of the soluble coal products by 
providing a differential in the solvent density in the 
second light phase sufficiently large to cause the second 
light phase to separate into the two fluid-like phases. 
The third light phase comprising solvent is with 

drawn from the third separation zone 130 through a 
conduit 136 for recycle to the first mixing zone 114 and 
the second mixing zone 140 by connection to conduits 
112 and 142 respectively, the third heavy phase com 
prising soluble coal products is withdrawn from the 
third separation zone through a conduit 134. 
Turning now to FIG. 3, yet another embodiment of 

the present invention is illustrated. A feed flowing in a 
conduit 210 enters a first mixing zone 214 and is con 
tacted and mixed with a solvent introduced into the first 
mixing zone 214 through a conduit 212 to provide a feed 
mixture. The feed mixture is discharged from the first 
mixing zone 214 through a conduit 216 to enter a first 
separation zone 218. 
The first separation zone 218 is maintained at a tem 

perature level in the range of from about 400 degrees F. 
to about 700 degrees F. and a pressure level in the range 
of from about 600 psig to about 1500 psig to effect a 
separation of the feed mixture into a first heavy phase 
and a first light phase comprising soluble coal products, 
solvent and some insoluble coal products. The first light 
phase is withdrawn from the first separation zone 218 
through a conduit 220 and introduced into a second 
separation zone 222. 
The second separation zone 222 is maintained at a 

temperature level higher than the temperature level in 
the first separation zone 218 and a pressure level sub 
stantially no greater than the pressure level in the first 
separation zone 218 to effect a separation of the first 
light phase therein. Preferably, the temperature level is 
maintained in the range of from about 410 degrees F. to 
about 750 degrees F. and the pressure level is main 
tained in the range of from about 590 psig to about 1500 
pSlg. 
The particular temperature and pressure conditions in 

the second separation zone 222 are selected to provide 
a differential in the solvent density in the first light 
phase sufficiently large to cause the first light phase to 
separate into two fluid-like phases. 
The first light phase separates into a second heavy 

phase comprising insoluble coal products, soluble coal 
products, and some solvent and a second light phase 
comprising soluble coal products and solvent. 
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The second heavy phase is withdrawn from the sec 
ond separation zone 222 through a conduit 224. At least 
a portion of the second heavy phase in conduit 224 is 
withdrawn in a conduit 226 for introduction into a treat 
ment zone 246. 

In treatment zone 246, the portion of the second 
heavy phase is maintained at an elevated temperature 
for a sufficient length of time to result in partial poly 
merization of at least a portion of the hydrocarbona 
ceous material contained therein. The amount of time 
required to induce partial polymerization depends upon 
the temperature at which the second heavy phase is 
maintained. Preferably, the withdrawn portion of the 
second heavy phase is heated to a temperature above 
650 degrees F. and most preferably above 800 degrees 
F. Typically, a sufficient time is from about 1 to about 
30 minutes; however, longer times can be employed. 
The longer the time in which the hydrocarbonaceous 
material is maintained at an elevated temperature the 
greater will be the extent of polymerization. 
The polymerization of the hydrocarbonaceous mate 

rial results in an increase in the molecular weight of at 
least a portion of the material. The treated second 
heavy phase then is withdrawn from the treatment zone 
246 and introduced into the first mixing zone 214 
through a conduit 248. In the first mixing zone the 
treated second heavy phase is contacted and mixed with 
entering feed mixture and then is introduced into the 
first separation zone 218 therewith. The mixture in the 
first separation zone is separated into a first heavy phase 
and a first light phase as previously described. The first 
heavy phase comprises insoluble coal products and 
some solvent. 
The temperature and pressure conditions within the 

first separation zone 218 are selected to maximize the 
separation of soluble coal products from the insoluble 
coal products in the feed. The effect of such maximiza 
tion results in the carry-over of a small amount of insol 
uble coal products in the first light phase that is re 
moved in the second separation zone 222 as the second 
heavy phase. The treatment of the recycled portion of 
the second heavy phase facilitates the subsequent recov 
ery of soluble coal products therefrom. 

Alternatively, the treatment zone 246 can comprise 
an oxidation zone wherein the separated portion of the 
second heavy phase is contacted with, for example, air, 
oxygen and carbon dioxide or other oxidizing gases to 
effect an oxydehydrogenation or an incorporation of 
oxygen into at least a portion of the hydrocarbonaceous 
material. The oxydehydrogenation of the hydrocarbo 
naceous material results in an increase in the molecular 
weight of at least a portion of the material commensu 
rate to partial polymerization accomplished by heating. 
The treatment also can comprise a combination of oxi 
dation and polymerization as long as it results in an 
increase in the molecular weight of at least a portion of 
the treated material. 
The second light phase is withdrawn through a con 

duit 232 and introduced into a third separation zone 230. 
The third separation zone 230 is maintained at a tem 

perature level higher than the temperature level main 
tained in the second separation zone 222 and a pressure 
level substantially no greater than the pressure level of 
the second separation zone 222 to effect a separation of 
the second light phase therein. Preferably, the tempera 
ture level is maintained in the range of from about 500 
degrees F. to about 950 degrees F. and the pressure 
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level is maintained in the range of from about 40 psig to 
about 1450 psig, . . . . . 
The particular temperature and pressure conditions in 

the third separation zone 230 are selected to effect the 
maximum separation of the soluble coal products by 
providing a differential in the solvent density in the 
second light phase sufficiently large to cause the second 
light phase to separate into the two fluid-like phases. 
The second light phase separates into a third light 

phase comprising solvent and a third heavy phase com 
prising soluble coal products. 
The third light phase is withdrawn from the third 

separation zone 230 through a conduit 236 for recycle 
to the mixing zone to aid in providing the feed mixture. 
The third heavy phase is withdrawn from the third 

separation Zone 230 through a conduit 234 for recovery. 
Turning now to FIG. 4, still yet another embodiment 

of the present invention is illustrated. 
The feed flowing in a conduit 310 enters a first mixing 

Zone 314 to contact and mix with a solvent entering the 
first mixing zone 314 through a conduit 312 to provide 
a feed mixture. In this embodiment, the ratio of solvent 
to feed present in the feed mixture is from about 1:1 to 
below about 2:1, by weight. The feed mixture is dis 
charged from the mixing zone 314 through a conduit 
316 to enter a first separation zone 318. 
The first separation zone 318 is maintained at a tem 

perature level in the range of from about 400 degrees F. 
to about 700 degrees F. and a pressure level in the range 
of from about 600 psig to about 1500 psig to effect a 
separation of the feed mixture. 

In the first separation zone 318, the feed mixture 
separates into a first heavy phase and a first light phase 
comprising soluble coal products, insoluble coal prod 
ucts and solvent. The first light phase is withdrawn 
from the first separation zone 318 through a conduit 320 
and introduced into a second mixing zone 340. 

In the second mixing zone 340, the first light phase is 
contacted by and mixed with additional solvent enter 

40 ing via a conduit 342 to provide a ratio of solvent to 
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feed of from about 2:1 to about 10:1, by weight. The 
mixture then is discharged from the second mixing zone 
340 through a conduit 344 to enter a second separation 
zone 322. 
The second separation zone 322 is maintained at a 

temperature level higher than the temperature level in 
the first separation zone 318 and a pressure level sub 
stantially no greater than the pressure level in the first 
separation zone 318 to effect a separation of the mixture. 
Preferably, the temperature level is maintained in the 
range of from about 410 degrees F. to about 750 degrees 
F. and the pressure level is maintained in the range of 
from about 590 psig to about 1500 psig, 
The particular temperature and pressure conditions in 

the second separation zone 322 are selected to provide 
a differential in the solvent density in the first light 
phase sufficiently large to cause the first light phase to 
separate into two fluid-like phases. 

In the second separation zone 322, the mixture sepa 
rates into a second heavy phase comprising insoluble 
coal products, some soluble coal products and some 
solvent and a second light phase comprising soluble 
coal products and solvent. The second heavy phase is 
withdrawn from the second separation zone 322 
through a conduit 324. At least a portion of the second 
heavy phase flowing in conduit 324 is withdrawn in a 
conduit 326 and introduced into a treatment zone 346. 
The treatment Zone 346 can comprise a temperature 
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treatment resulting in partial polymerization of the hy 
drocarbonaceous material or an oxidation treatment 
resulting in either oxydehydrogenation or incorpora 
tion of oxygen into the material or a combination 
thereof to increase the molecular weight of at least a 
portion of the material, as previously described. 
The treated portion of the second heavy phase is 

withdrawn from the treatment. zone 346 via a conduit 
348 and introduced into the first mixing zone 314. In the 
first mixing zone 314, the treated material contacts and 
mixes with the feed mixture contained therein and is 
discharged therewith via conduit 316 to enter the first 
separation zone 318. 

In the first separation zone 318 the mixture is sepa 
rated into the first heavy phase and the first light phase 
as previously described. The first heavy phase is with 
drawn from the first separation zone 318 through a 
conduit 328. 
The second light phase is withdrawn from the second 

separation zone through a conduit 332 and introduced 
into a third separation zone 330. The third separation 
zone 330 is maintained at a temperature level higher 
than the temperature level maintained in the second 
separation zone 322 and a pressure level substantially no 
greater than the pressure level of the second separation 
zone 322 to effect a separation of the second light phases 
therein. Further, the temperature level is maintained in 
the range of from about 500 degrees F. to about 950 
degrees F. The pressure level is in the range of from 
about 40 psig to about 1450 psig. 
The particular temperature and pressure conditions in 

the third separation zone 330 are selected to effect the 
maximum separation of the soluble coal products by 
providing a differential in the solvent density in the 
second light phase sufficiently large to cause the second 
light phase to separate into two fluid-like phases. 
The second light phase separates into a third light 

phase comprising solvent and a third heavy phase com 
prising soluble coal products. The third heavy phase is 
withdrawn from the third separation zone 330 through 
a conduit 334. The third light phase is withdrawn from 
the third separation zone 330 via a conduit 336. The 
conduit 336 connects with conduits 324 and 312 for 
recycle of the third light phase comprising solvent to 
the second mixing zone 340 and first mixing zone 314 
respectively. 
For the purpose of illustrating the present invention, 

and not by way of limitation, feed mixtures are prepared 
by mixing coal liquefaction products with a solvent 
(comprising benzene) in a ratio of about one part by 
weight of liquefaction products to about 4 parts by 
weight of benzene at a pressure level in the range of 
from about 600 psig to about 1500 psig and at a tempera 
ture level in the range of from about 400 degrees F. to 
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were analyzed and found to have the analyses set forth 
in Table I below. 

TABLE I 
Specific Gravity 
60/60 1.34 
Proximate Analyses 
% Loss at 05 C. 0.4 
2. Wolatile Matter 44.7 
2 Fixed Carbon 4?.5 
% Ash 3.4 
Ultimate Analyses 
% Carbon 74.3 
% Hydrogen 5.3 

1.5 % Nitrogen 
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TABLE I-continued 

% Sulfur 2.0 
% Oxygen (diff.) 3.5 
Sulfur distribution: 
SO2 < 0. 
Pyrite 0.1 ? 
Pyrrhotite 1.81 
Organic 0.19 

The prepared feed mixtures then are utilized in vari 
ous test runs to demonstrate the effectiveness of the 
present invention. In each of these test runs, the temper 
ature level in the first separation zone apparatus is about 
530 degrees F. and the pressure level is about 800 psig 
the temperature level in the second separation zone 
apparatus is about 550 degrees F. and the pressure level 
is about 780 psig, 
The results of such test runs is described in greater 

detail in the following Examples. 
EXAMPLE I 

Two runs are set forth to illustrate the present inven 
tion. Specifically, one run is made without recycle of a 
portion of the second heavy phase. In the second run, a 
portion of the second heavy phase is recycled in the 
apparatus as illustrated in FIG. 1. 

In each instance, portions of the second light phase 
are withdrawn periodically through the conduit 32 and 
then are treated to recover the soluble coal products 
therefrom. It is determined that soluble coal products 
obtained from the first run, without recycle of the sec 
ond heavy phase, contain from about 0.1 percent to 
about 0.15 percent by weight of ash. By way of con 
trast, the soluble coal products recovered from the run 
in which a portion of the second heavy fraction is recy 
cled through conduit 26 to mixing zone 14 are recov 
ered in an improved yield over that obtained from the 
first run with a comparable ash content. 

EXAMPLE II 

Two runs are conducted: one run is made without 
recycle of a treated portion of the second heavy phase; 
and in the second run, a portion of the second heavy 
phase is treated in treating zone 246 and recycled to the 
mixing zone 214 through conduit 248 as illustrated in 
FG, 3. 

In each instance, portions of the second light phase 
are withdrawn periodically through the conduit 232 
and then are treated to recovered the soluble coal prod 
ucts therefrom. It is determined that soluble coal prod 
ucts obtained from the first run, without the recycle of 
the treated portion of the second heavy phase, contain 
from about 0.1 percent to about 0.15 percent by weight 
of ash. By way of contrast, the soluble coal products 
recovered from the run in which a treated portion of the 
second heavy phase is recycled to mixing zone 214 are 
recovered in an improved yield over that obtained from 
the first run with a comparable ash content. 
To further illustrate the present invention, new feed 

mixtures are prepared by mixing coal liquefaction prod 
ucts with benzene in a ratio of about one part by weight 
of liquefaction products to about 1.5 parts by weight of 
benzene at a pressure level in the range of from about 
600 psig to about 1500 psig and at a temperature level in 
the range of from about 400 degrees F. to about 700 
degrees F. The analyses of the coal liquefaction prod 
ucts are as set forth in Table I. 
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The new prepared feed mixtures then are utilized in 
various test runs. In each of the test runs, the tempera 
ture level in the first separation zone apparatus is about 
530 degrees F. and the pressure level is about 800 psig; 
sufficient solvent is introduced into the second mixing 
zone to provide a ratio of feed to solvent of about 1:4, 
by weight; and the temperature level in the second 
separation zone apparatus is about 550 degrees F. and 
the pressure level is about 780 psig, 

EXAMPLE II 

Two runs are conducted: one run is made without the 
recycle of a portion of the second heavy phase; and in 
the second run, a portion of the second heavy phase is 
recycled via conduit 126 in the apparatus illustrated in 
FIG. 2. 

In each instance, portions of the second light phase 
are withdrawn periodically through the conduit 132 
and then are treated to recover the soluble coal prod 
ucts therefrom. It is determined that soluble coal prod 
ucts obtained from the first run, without recycle of the 
second heavy phase, contain from about 0.1 percent to 
about 0.15 percent by weight of ash. By way of con 
trast, the soluble coal products recovered from the run 
in which a portion of the second heavy phase is recy 
cled through conduit 126 to mixing zone 114 are recov 
ered in an improved yield over that obtained from the 
first run with a comparable ash content. 

EXAMPLE IV 

Two runs are conducted: one run is without recycle 
of a treated portion of the second heavy phase; and in 
the second run, mix with a treated portion of the second 
heavy phase is recycled to the mixing zone 314 in the 
apparatus as illustrated in FIG. 4. 

In each instance, portions of the second light phase 
are withdrawn periodically through the conduit 332 
and then are treated to recover the soluble coal prod 
ucts therefrom. It is determined that soluble coal prod 
ucts obtained from the first run, without recycle of a 
treated portion of the second heavy phase, contain from 
about 0.1 percent to about 0.15 percent by weight of 
ash. By way of contrast, the soluble coal products re 
covered from the second run in which a treated portion 
of the second heavy phase is recycled to mixing Zone 
314 through conduit 348 are recovered in an improved 
yield over that obtained from the first run with a com 
parable ash content. 
While the present invention has been described with 

respect to that which at present is considered to be the 
preferred embodiments thereof, it is to be understood 
that changes or modifications can be made in the pro 
cess or apparatus without departing from the spirit or 
scope of the invention as defined by the following 
claims. 
What is claimedis: 
1. A coal liquefaction product deashing process com 

prising: 
providing a coal liquefaction product feed compris 

ing soluble coal products and insoluble coal prod 
ucts; 

providing a solvent consisting essentially of at least 
one substance having a critical temperature below 
800 degrees F. selected from the group consisting 
of aromatic hydrocarbons having a single benzene 
nucleus and normal boiling points below about 310 
degrees F., cycloparaffin hydrocarbons having 
normal boiling points below about 310 degrees F., 
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12 
open chain mono-olefin hydrocarbons having nor 
mal boiling points below about 310 degrees F., 
open chain saturated hydrocarbons having normal 
boiling points below about 310 degrees F., mono-, 
di, and tri-open chain amines containing from about 
2-8 carbon atoms, carbocyclic amines having a 
monocyclic structure containing from about 6-9 
carbon atoms, heterocyclic amines containing from 
about 5-9 carbon atoms, and phenols containing 
from about 6-9 carbon atoms and their homologs; 

admixing said feed with said solvent in a mixing Zone 
to provide a feed mixture; 

introducing said feed mixture into a first separation 
zone maintained at an elevated temperature and 
pressure; 

separating said feed mixture in said first separation 
zone into a first heavy phase and a first light phase 
comprising soluble coal products, solvent and some 
insoluble coal products; 

withdrawing said first light phase from said first sepa 
ration zone; 

introducing said withdrawn first light phase into a 
second separation zone maintained at a tempera 
ture level higher than the temperature level in said 
first separation zone and at an elevated pressure; 

separating said first light phase in said second separa 
tion zone into a second heavy phase comprising 
insoluble coal products, soluble coal products and 
some solvent and a second light phase comprising 
soluble coal products and solvent as said deashed 
coal liquefaction product; 

withdrawing said second heavy phase from said sec 
ond separation zone; 

recycling at least a portion of said withdrawn second 
heavy phase to said first separation zone in admix 
ture with said feed mixture to recover soluble coal 
products therefrom; and 

withdrawing said first heavy phase from the first 
separation zone, said first heavy phase having an 
increased mineral matter content effected through 
recycle of said portion of the second heavy phase. 

2. The process of claim 1 wherein the first separation 
zone is maintained at an elevated temperature and pres 
sure defined further as: 

maintaining said first separation zone at a temperature 
level in the range of from about 400 degrees F. to 
about 700 degrees F. and a pressure level in the 
range of from about 600 psig to about 1500 psig; 

and wherein maintaining the second separation zone at 
a higher temperature level and an elevated pressure is 
further defined as: 

maintaining said second separation Zone at a tempera 
ture level higher than the temperature level in the 
first separation zone and in the range of from about 
410 degrees F. to about 750 degrees F. and a pres 
sure level in the range of from about 590 psig to 
about 1500 psig. 

3. The process of claim 1 defined further to include 
the steps of: 
withdrawing said second light phase from said sec 
ond separation zone; 

introducing said withdrawn second light phase into a 
third separation Zone; 

separating said second light phase in said third separa 
tion zone into a third heavy phase comprising the 
soluble coal products and a third light phase com 
prising the solvent; 
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withdrawing said third heavy phase from said third 
separation Zone; 

withdrawing said third light phase from said third 
separation zone; and 

recycling said withdrawn third light phase to said 
mixing zone to aid in providing said feed mixture. 

4. The process of claim3 wherein the third separation 
zone comprises a flash zone. 

5. The process of claim 3 defined further to include 
the step of: 

maintaining the third separation zone at a tempera 
ture level higher than the temperature level in the 
second separation zone and in the range of from 
about 500 degrees F. to about 950 degrees F. and a 
pressure level in the range of from about 40 psig to 
about 1450 psig, 

6. A coal liquefaction product deashing process com 
prising: 

providing a coal liquefaction product feed compris 
ing soluble coal products and insoluble coal prod 
ucts; 

providing a solvent consisting essentially of at least 
one substance having a critical temperature below 
800 degrees F. selected from the group consisting 
of aromatic hydrocarbons having a single benzene 
nucleus and normal boiling points below about 310 
degrees F., cycloparaffin hydrocarbons having 
normal boiling points below about 310 degrees F., 
open chain mono-olefin hydrocarbons having nor 
mal boiling points below about 310 degrees F., 
open chain saturated hydrocarbons having normal 
boiling points below about 310 degrees F., mono-, 
di, and tri-open chain amines containing from about 
2-8 carbon atoms, carbocyclic amines having a 
monocyclic structure containing from about 6-9 
carbon atoms, heterocyclic amines containing from 
about 5-9 carbon atoms, and phenols containing 
from about 6-9 carbon atoms and their homologs; 

admixing said feed with said solvent in a mixing Zone 
to provide a feed mixture; 

introducing said feed mixture into a first separation 
zone maintained at an elevated temperature and 
pressure; 

separating said feed mixture in said first separation 
zone into a first heavy phase and a first light phase 
comprising soluble coal products, solvent and some 
insoluble coal products; 

withdrawing said first light phase from said first sepa 
ration zone; 

introducing said withdrawn first light phase into a 
second separation zone maintained at a tempera 
ture level higher than the temperature level in the 
first separation zone and at an elevated pressure; 

separating said first light phase in said second separa 
tion zone into a second heavy phase comprising 
insoluble coal products, soluble coal products and 
some solvent and a second light phase comprising 
soluble coal products and solvent as said deashed 
coal liquefaction product; 

withdrawing said second heavy phase from said sec 
ond separation zone; 

introducing at least a portion of said withdrawn sec 
ond heavy phase into a treatment Zone; 

treating said portion of said withdrawn second heavy 
phase to effect an increase in the molecular weight 
of at least a portion of said withdrawn second 
heavy phase; 
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14 
withdrawing said treated second heavy phase from 

said treatment zone; 
introducing said treated second heavy phase into said 
mixing zone to contact and mix with feed and sol 
vent contained therein; and 

withdrawing said first heavy phase from the first 
separation zone, said first heavy phase having an 
increased mineral matter content effected through 
recycle of said portion of the second heavy phase. 

7. The process of claim 6 wherein the treatment zone 
comprises a temperature treatment zone and treating 
said portion of the withdrawn second heavy phase is 
defined further as: 

maintaining the portion of the withdrawn second 
heavy phase at an elevated temperature for a suffi 
cient length of time to effect a partial polymeriza 
tion of at least a portion thereof to effect an in 
crease in the molecular weight of at least a portion 
of the withdrawn second heavy phase. 

8. The process of claim 7 wherein the elevated tem 
perature is defined further as a temperature above 800 
degrees F. 

9. The process of claim 6 wherein the treatment zone 
comprises an oxidation treatment zone and treating said 
portion of the withdrawn second heavy phase is defined 
further as: . 

contacting the portion of the withdrawn second 
heavy phase with an oxidizing gas to effect an 
increase in the molecular weight of at least a por 
tion of said material. 

10. The process of claim 6 wherein the treatment 
zone comprises a combination of a temperature treat 
ment Zone and an oxidation zone and treating comprises 
a combination of temperature treatment and oxidation. 

11. A coal liquefaction product deashing process 
comprising: 

providing a coal liquefaction product feed compris 
ing soluble coal products and insoluble coal prod 
ucts; 

providing a solvent consisting essentially of at least 
one substance having a critican temperature below 
800 degrees F. selected from the group consisting 
of aromatic hydrocarbons having a single benzene 
nucleus and normal boiling points below about 310 
degrees F., cycloparaffin hydrocarbons having 
normal boiling points below about 310 degrees F., 
open chain mono-olefin hydrocarbons having nor 
mal boiling points below about 310 degrees F., 
open chain saturated hydrocarbons having normal 
boiling points below about 310 degrees F., mono-, 
di, and tri-open chain amines containing from about 
2-8 carbon atoms, carbocyclic amines having a 
mono- cyclic structure containing from about 6-9 
carbon atoms, heterocyclic amines containing from 
about 5-9 carbon atoms, and phenols containing 
from about 6-9 carbon atoms and their homologs; 

admixing said feed with said solvent in a first mixing 
zone to provide a feed mixture; 

introducing said feed mixture into a first separation 
zone maintained at an elevated temperature and 
pressure; 

separating said feed mixture in said first separation 
zone into a first heavy phase and a first light phase 
comprising soluble coal products, solvent and some 
insoluble coal products; 

withdrawing said first light phase from said first sepa 
ration zone; 
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introducing said withdrawn first light phase into a 
second mixing zone; 

mixing said withdrawn first light phase with an addi 
tional portion of solvent to form a mixture; 

introducing said mixture from said second mixing 
Zone into a second separation zone; 

separating said mixture in said second separation zone 
into a second heavy phase comprising insoluble 
coal products, soluble coal products and some sol 
vent and a second light phase comprising soluble 
coal products and solvent as said deashed coal 
liquefaction product; 

withdrawing said second heavy phase from said sec 
ond separation zone; 

recycling at least a portion of said withdrawn second 
heavy phase to said first separation zone in admix 
ture with said feed mixture to recover soluble coal 
products therefrom; and 

withdrawing said first heavy phase from said first 
separation zone, said first heavy phase having an 
increased mineral matter content effected through 
recycle of said portion of the second heavy phase. 

12. The process of claim 11 wherein the first separa 
tion zone is maintained at an elevated temperature and 
pressure defined further as: 

maintaining said first separation zone at a temperature 
level in a range of from about 400 degrees F. to 
about 700 degrees F. and a pressure level in a range 
of from about 600 psig to about 1500 psig; 

and wherein maintaining the second separation Zone at 
a higher temperature level and an elevated pressure is 
further defined as: 

maintaining said second separation Zone at a tempera 
ture level higher than the temperature level in the 
first separation zone and in a range of from about 
410 degrees F. to about 750 degrees F. and a pres 
sure level in a range of from about 590 psig to about 
1500 psig. 

13. The process of claim 11 defined further to include 
the steps of: 
withdrawing said second light phase from said sec 
ond separation zone; 

introducing said withdrawn second light phase into a 
third separation zone; 

separating said second light phase in said third separa 
tion zone into a third heavy phase comprising the 
soluble coal products and a third light phase com 
prising the solvent; 

withdrawing said third heavy phase from said third 
separation Zone; 

withdrawing said third light phase from said third 
separation zone; and 

recycling said withdrawn third light phase to said 
first mixing zone and said second mixing Zone. 

14. The process of claim 13 wherein the third separa 
tion zone comprises a flash Zone. 

15. The process of claim 13 defined further to include 
the step of: 

maintaining said third separation zone at a tempera 
ture level higher than the temperature level in the 
second separation zone and in a range of from 
about 500 degrees F. to about 950 degrees F. and a 
pressure level in a range of from about 40 psig to 
about 1450 psig. 

16. A coal liquefaction product deashing process 
comprising: 
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16 
providing a coal liquefaction product feed compris 

ing soluble coal products and insoluble coal prod 
ucts; 

providing a solvent consisting essentially of at least 
one substance having a critican temperature below 
800 degrees F. selected from the group consisting 
of aromatic hydrocarbons having a single benzene 
nucleus and normal boiling points below about 310 
degrees F., cycloparaffin hydrocarbons having 
normal boiling points below about 310 degrees F., 
open chain mono-olefin hydrocarbons having nor 
mal boiling points below about 310 degrees F., 
open chain saturated hydrocarbons having normal 
boiling points below about 310 degrees F., mono-, 
di, and tri-open chain amines containing from about 
2-8 carbon atoms, carbocyclic amines having a 
mono-cyclic structure containing from about 6-9 
carbon atoms, heterocyclic amines containing from 
about 5-9 carbon atoms, and phenols containing 
from about 6-9 carbon atoms and their homologs; 

admixing said feed with said solvent in a first mixing 
zone to provide a feed mixture; 

introducing said feed mixture into a first separation 
zone maintained at an elevated temperature and 
pressure; 

separating said feed mixture in said first separation 
zone into a first heavy phase and a first light phase 
comprising soluble coal products, solvent and some 
insoluble coal products; 

withdrawing said first light phase from said first sepa 
ration zone; 

introducing said withdrawn first light phase into a 
second mixing zone; 

mixing said withdrawn first light phase with an addi 
tional portion of solvent to form a mixture; 

introducing said mixture from said second mixing 
zone into a second separation zone; 

separating said mixture in said second separation zone 
into a second heavy phase comprising insoluble 
coal products, soluble coal products and some sol 
vent and a second light phase comprising soluble 
coal products and solvent as said deashed coal 
liquefaction product; 

withdrawing said second heavy phase from said sec 
ond separation zone; 

introducing at least a portion of said withdrawn sec 
ond heavy phase into a treatment zone; 

treating said portion of said withdrawn second heavy 
phase to effect an increase in the molecular weight 
of at least a portion of said withdrawn second 
heavy phase; 

withdrawing said treated second heavy phase from 
said treatment zone; 

introducing said treated second heavy phase into said 
first mixing zone to contact and mix with said feed 
and solvent contained there; and 

withdrawing said first heavy phase from said first 
separation zone, said first heavy phase having an 
increased mineral matter content effected through 
recycle of said portion of the second heavy phase. 

17. The process of claim 16 wherein the treatment 
zone comprises a temperature treatment zone and treat 
ing said portion of the withdrawn second heavy phase is 
defined further as: 

maintaining said portion of said withdrawn second 
heavy phase at an elevated temperature for a suffi 
cient length of time to effect a partial polymeriza 
tion of at least a portion thereof to effect an in 
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crease in the molecular weight of at least a portion contacting said portion of said withdrawn second 
of said withdrawn the second heavy phase. heavy phase with an oxidizing gas to effect an 

18. The process of claim 17 wherein the elevated increase in the molecular weight of at least a por 
temperature is defined further as a temperature above tion of said material. 
800 degrees F. 5 20. The process of claim 16 wherein said treatment 

19. The process of claim 16 wherein the treatment zone comprising a combination of a temperture treat 
zone comprises an oxidation treatment zone and treat- ment zone and an oxidation zone and treating comprises 
ing said portion of the withdrawn second heavy phase is a combination of temperature treatment and oxidation. 
defined further as: 
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